Abstract-Electroencephalogram
I. INTRODUCTION
The EEG signals provide complex information about normal brain activities. Epileptic seizures represent disorganized neural activities in the brain [1] . The WHO (World Health Organization) has recently figured out that, nearly 50 Million people are suffering from Epilepsy worldwide. The major symptoms of this disease are repetitive seizures. During seizures, an abnormal movements of the human body or its parts along with unconsciousness and loss of control of bladder are generally noticed. To describe epilepsy properly, minimum two seizures are necessary. The Generalized seizures is an important class of Epileptic seizures with Absence seizures and tonic-clonic seizures as subclasses.
The rest of the paper is organized as follows. Section II explains the methodology of proposed algorithms. Experimental results are presented in section III. Concluding remarks are given in section IV.
II. PROPOSED ALGORITHM

A. Seizure Detection algorithm -
Absence seizure: An indication of simple absence seizure is a vacant stare, which may be mistaken for a lapse in attention that lasts 10 to 15 seconds, without any subsequent confusion, headache or drowsiness. Abrupt and abnormal changes in the movement, Lip smacking, Fluttering of eyelids, rubbing of fingers are few of the symptoms of absence seizures. The duration of Absence seizures generally is very less ranging from ten to fifteen seconds. The subject even could not even memorize this small episode of seizures. Repetitive episodes of this seizures may disturb day to day life of the subject.
Generalized tonic-clonic seizure: Here in this seizure, entire body may experience the seizure effect. It is also called grand mal seizure. Seizures, convulsion or epilepsy are most commonly used terms with respect to generalized tonic-clonic seizures. An aura is another medical term that relates the symptoms like changes in vision, taste, smell, or sensory systems; hallucinations, or dizziness experienced by many subjects before the occurrence of the seizure. The rigidness observed in muscular movements is the another major characteristics of this seizures. Sometimes this rigidness of muscles turned into violent activities of a subject or leads him towards unconsciousness. Besides this some of the other signs like biting the cheek or tongue, clenched teeth or jaw, discharge of urine or stool, obstacles in breathing, etc. are also observed during this seizures. The Image processing algorithms are proposed here to capture facial muscular movements occurred during this seizure. The facial nerve, known as motor nerve, controls muscles that move the eyebrows, close and widens the eyes, and move the mouth and lips. A cap, which has a video camera continuously focusing on the face of the patient, captures these movements and provide us the real-time information about the ongoing seizures. The similar type of algorithms has been undertaken for the study of Automatic human emotion recognition system [20] . Different emotions such as disgust, fear, joy etc. are recognized by these type of systems. The muscular movement like tightening of the lips, lowering the lip corners, etc. represents various moods and emotions in sadness. A human-observer-based coding system [21] encodes movements and emotions. Pediaditis et. al. [22] reviewed vision based human motion analysis from Epileptic seizure detection point of view. An image processing techniques have been applied using quantitative video analysis of movement patterns of adult patients with epilepsy during seizures [23] .The suitability of wearable sensors (accelerometer) is used to detect seizure events in patients exhibiting different types of seizures has been evaluated by Nijsen et. al. [14] . The block diagram of the proposed system is as shown in Haar-like features are used to detect a face in this algorithm. Papageorgiou et al. [24] have suggested these simple features. Here different windows or rectangles are defined to specify the features. A number of features may be generated using these Haar-like features. It depends on the number of rectangles used. For example, if two rectangles are used then it is the two-rectangle feature, if three rectangles are used then it is a three-rectangle feature and so on. The difference between the sum of the pixels within two rectangular regions represents a value of a tworectangle feature. A three-rectangle feature computes the sum within two outside rectangles subtracted from the sum in a center rectangle. Finally, a four-rectangle feature computes the difference between diagonal pairs of rectangles [25] .For fast computation of these rectangle features, an intermediate representation of the imageintegral image is used. At any location (x, y), an integral image represents an image that consists of the sum of the pixels above and to the left of (x, y).
ii(x, y)= . where ii(x, y) is an integral image and i(x, y) is the original image as shown in Figure 3 The box car image 'r' is calculated with the help of these integral images as shown below The proper setting of the region of interest is necessary. To detect exact regions of our interest, to have smaller overhead and rule out most false positives The target size (face) window is moved over the input image. The haar-like feature is calculated for every subsection of the image. This calculated difference value is then compared to a learned threshold which separates non-objects from objects. To describe an object with sufficient accuracy a large number of Haar-like features are necessary. Similar to the face detection, Haar-like features are used to locate the mouth. Canny edge detection and masks are used to detect the corners of the mouth. Two different masks which represent the corners of the mouth are considered. These masks are moved from top to bottom to calculate how many positive bits are found within the specific region. A similar method is again used to find the upper and lower lip. Here corners of the mouth are used as starting and ending point for masks of a lip. To determine the position of the eyes the same algorithm is used but with a different haar classifier in the appropriate regions of interest. These regions are the upper left and upper right part of the known face region as shown in Fig.4 . For Eyebrow detection, Canny edge detection method is used. Canny edge detection is applied on the ROI above the eye. The mask slides top to bottom to find out the most edges within its shape. Based on the position of the eyes an angle is calculated to draw a mask. A running average is used to minimize false positives. After extracting the facial features of face, eye, mouth and eyebrows a very vital step is done by correlation function. Correlation function compares the features of live taken image to that of the data base. Detection of epilepsy depends on the correlation value which is a threshold value. It is a widely used method for object detection. Training is slow, but detection is very fast. Viola-Jones algorithm flows according to Figure 5 .
After calculating facial features, each feature is compared with stored database with correlation coefficient. The threshold value (correlation coefficient) is set as 0.3 discriminating normal behavior and epilepsy. As per the patient, the threshold value can be changed. Wearable sensors: To support this automatic epilepsy seizure detection system, two sensors are used to sense 1.motion of the head of the subject under observation and 2.moisture sensor to sense the urine discharge. Most of the epileptic seizures are observed with these symptoms. Therefore this sensor information will assist the system to ensure the epileptic seizures Accelerometer: A 2-dimensional capacitive sensing accelerometer is used here to sense the motion of the head of the subject. Here accelerometer provides an output voltage depending on the distance between two planar surfaces. The change in distance between these plates during the motion of the head deviates capacity from its null point. The corresponding output voltage is applied to the central processor. Because of the high accuracy and sensitivity of this sensor, the system becomes stable and reliable. Low noise immunity, power dissipation, and large bandwidth are few of the advantages of this sensor. Moisture Sensor: Discharge of urine during the tonic-clonic seizure is another major symptom of epilepsy. The output of this sensor is used to ensure the seizure. It can be wear along with the clothes. A threshold is required to differentiate between moisture due to the discharge of urine and moisture due to atmospheric conditions.
r = Sum(Z x*Z y)/(n
Indicators:
The system is open loop system. It only monitors the change in predefined conditions of the subject and alerts the expert system. Here both audio and video type of indicators are used to alert the corrective system.
III. Experiment and Result
The experiments carried out in one of the renown hospitals and the results are validated by Medical experts. Total 100 subjects suffering from epilepsy were under observation for 15 days continuously for detection of the type of seizures. The Tonic-clonic and Absent type seizures were decided to detect. All the 100 subjects were asked to wear the cap and the innerwear with sensors and video camera along with the accelerometer for two-three hours daily alternately. These hours were decided by the experts based on the history of that respective subjects and other symptoms. Image processing based face and feature detection: Viola-Jones algorithm gives best results for detection of face and features of the region of interest as shown in Figure.6 and Table 1 . Only 39 subjects have reported facing the seizure during this duration. The details of the experiment are as shown in Table 2 V.CONCLUSION
The Viola-Jones detection algorithm outcome provides promising results for detection of the face and the region of interest. This performance is supported by the embedded system with wearable sensors. These results describe tonic-clonic seizures and absence seizures. From the results, it may be concluded that this is an on-obtrusive seizure detection environment. In future, a robust decision support system may be undertaken for development. Wearable sensors such as an accelerometer, moisture sensor, body temperature sensors are cost efficient to detect various seizures. So the combination of image processing and embedded system used is novel and efficient for detection and monitoring of different types of epileptic seizures for various patients. 
